The fully microscopic p-nucleus optical potential has been calculated in the framework of the first order Brueckner theory employing Urbana V14, soft-core internucleon interaction along with the relativistic mean field densities both for protons and neutrons. It is observed that the volume integral per nucleon, of the real part of the spin-orbit interaction calculated for Zr (A = 76-110) and Sn (A = 96-136) isotopes, decreases with the increase in neutron number. The present optical model calculation satisfactorily reproduces the experimental (where available) cross sections and analyzing power. Further the magnitude of the first maximum (minimum) in the calculated analyzing power decreases (increases) with the addition of neutrons both for Zr and Sn isotopes reflecting the weakening of the spin-orbit interaction. The spin-orbit (s.o.) interaction plays a central role in the understanding of the nuclear structure. Experiments with radioactive nuclear beams provide the opportunity to study nuclei with large neutron excess even close to the neutron drip line. For these exotic nuclei, nuclear shell effects are non-negligible and hence the spin-orbit part of the nuclear potential is expected to play an important role. Further, the spin-orbit term plays an important role in the calculation of the spin observables such as analyzing power and spinrotation function in the polarized proton-nucleus scattering. Theoretical studies [1,2] based on the mean-field models have suggested that an increasing excess of neutrons may lead to a steady decrease in the strength of the spin-orbit interaction and this contributes to a radical change in the ordering of the single particle energy levels. Recently Schiffer et al. [3] have reported the results that dramatically reveal the onset of this effect in Sn isotopes suggesting the decrease of nuclear spin-orbit interaction with the addition of neutrons. Here we investigate this problem by analyzing the microscopically generated p-nucleus optical potentials in the framework of first order Brueckner theory employing Urbana V14, soft-core internucleon interaction along with the relativistic mean field (RMF) densities both for protons and neutrons.
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The calculation [4] of the microscopic proton-nucleus optical potential involves mainly two steps. First we solve the Bethe-Goldstone integral equation in coordinate space using an angle averaged Pauli operator and continuous choice for the potential energies in the intermediate state for all coupled and uncoupled two-nucleon states up to L 6. The realistic internucleon potential V14 [5] has been employed as an input. Self-consistency is obtained for the calculated nuclear matter optical potential at 17 nuclear matter densities spread evenly in the range K f = 0.6-2.0 fm −1 . Radial dependence of both the central and spin-orbit parts of the calculated effective interaction (g-matrices) in all spin isospin states have been obtained following the procedure used in Ref. [6] . In the second step the g-matrices are folded over the point proton and neutron densities of the target nuclei to obtain a local optical model potential. The required point neutron and proton density distributions for all targets have been calculated in the relativistic mean field [7] framework. Using the present approach, the optical potential for 50 and 22.5 MeV (50 and 39.6 MeV) protons incident on Zr (Sn) isotopes are calculated, as illustrative examples.
We now analyze the spin-orbit part of the calculated proton-nucleus optical potential. The real part of the spin-orbit potential is small in strength and is peaked at the surface as expected.
The variation of the volume integral per nucleon, of the real part of the spin-orbit potential with the addition of neutrons is shown in Fig. 1 both for Zr and Sn isotopes. It is observed that its magnitude decreases with the addition of neutrons both for Zr and Sn isotopes, reflecting the reduction of the spin-orbit interaction with the addition of neutrons. This observation also holds at both the energies as is evident from the figure.
Using these optical potentials the elastic scattering differential cross sections and analyzing power are calculated. The calculation reproduces the experiment (where available) remarkably well even at low energies (see inset in Fig. 2 and Figs. 3 and 4) .
Further, we notice that the magnitude of the first maximum (minimum) in the calculated analyzing power (A y ) decreases (increases) and shifts slightly outward with the addition of neutrons both for Zr and Sn isotopes indicating a reduction of the spin-orbit part of the optical potential. In order to visualize quantitatively, the extent of reduction of the spinorbit interaction we have plotted in Fig. 2 the magnitudes of the calculated analyzing power A y , corresponding to the angle of the first maximum and the first minimum, as a function of mass number for Zr and Sn isotopes at 50 MeV incident energy. This figure reveals many interesting features. We notice that for Zr isotopes, kinks in the first maximum/minimum appear at A = 80, 90, 98, and 104 indicating partial closed shell structures in conformity with the observation reported earlier [8] . Further, the magnitude of the first maximum/minimum of the calculated A y does change significantly in going from 76 Zr to 108 Zr. On the other hand for Sn isotopes a kink appears at A = 100 and the variation is mild. The magnitude of maxima in the analyzing power decreases as we add more neutrons, i.e., more units of isospin. This implies a weakening of the spin-orbit interaction. Similar trends are also observed at other projectile energies. Therefore, this is expected to be a general feature signifying the reduction of the spin-orbit interaction with the addition of neutrons for a fixed Z. In order to assess quantitatively the decrease in the value of the spin-orbit part of the potential with the addition of neutrons, we have recalculated A y for 96 Zr using the increased s.o. part of the interaction in steps of 5% while retaining all the other parts of the potential intact. It is observed that one requires a 25% increase in the s.o. part of the interaction for 96 Zr to yield the same value of the difference ( X) between the first minimum and first maximum of A y , as that of 90 Zr. It is to be noted that this change (increase) in the value of X is only due to the increase in the s.o. part of the interaction, while the other part of the optical potential may also contribute to X. The calculated analyzing power for 50 MeV incident protons along with the experimental data [9] (where available) are shown in Fig. 3 for some of the Zr isotopes. Clearly, the calculations reproduce the experiment extremely well. The calculated analyzing powers for 39.6 MeV incident proton for some of the Sn isotopes are shown in Fig. 4 along with the experimental data [10] (where available). Overall the agreement between the calculation and the experiment is satisfactory. Though the agreement is quite good at smaller angles the deviations are noticed at higher angles, in particular the experimental values are slightly shifted outward by a few degrees at higher angles. In short, the present microscopic approach yields good agreement with the corresponding experimental data.
The microscopic p-nucleus optical potential obtained in the framework of first order Brueckner theory employing Urbana V14, soft-core internucleon interaction is used to calculate cross sections and analyzing power for the polarized proton incident on Zr (A = 76-110) and Sn (A = 96-136) isotopes. The calculations reproduce the experiment remarkably well. The volume integral per nucleon, of the real part of the spin-orbit interaction, is found to decrease with an increase in neutron number. The magnitude of the first maximum (minimum) in the calculated analyzing power decreases (increases) with the addition of neutrons both for Zr and Sn isotopes reflecting the reduction of the spin-orbit interaction. These observations hold at different incident proton energies and conform with the earlier findings: the weakening of spin-orbit interaction with the addition of neutrons for a fixed Z.
